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Abstract

In this paper, a constrained formation control design is implemented for a group motion of systems
based on the Euler-Lagrange dynamics in the presence of model uncertainties and un-modeled dynamics
with considering the output state constraints. To design a constrained formation control system, a
dynamic model with respect to the Euler-Lagrange based on leader-follower structure is utilized. To
solve the constrained problem of these systems, a Barrier Lyapunov Function (BLF) is applied that
advances to infinity when its arguments reach to the finite bounds, in which is applied in the control
design. This feature of BLFs is applied to prevent the violation of state variables from the constrained
boundaries and restrict the errors of these states in the predetermined and limited bounds. Thus, the
Lyapunov stability method is adopted to reveal all the signals of the closed-loop system that are bounded
and the stability of formation problem is proved as semi-globally uniformly ultimately bounded
(SGUUB). The computer simulation results demonstrate the efficacy of this leader-follower formation
controller for systems based on the Euler-Lagrange dynamics.
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Table (1): Parameters of Euler-Lagrange system
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Table (2): Dynamic parameters of Euler-Lagrange system
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Figure (1): A basic geometric structure of leader follower constrained formation control
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Table (3): Adaptive multi-layer neural network approximator parameters
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Table (4): Design parameters of constrained formation controller
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Figure (2): The formation trajectory tracking of the Euler-Lagrange mobile robots in 2-D plane in the constrained formation control problem

Table (5): The controller design parameters, positions and orientation angles and initial velocities of Euler-Lagrange systems
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Figure (3): The output tracking errors for Euler-Lagrange systems in the constrained formation control for x-axis
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Figure (4): The output tracking errors for Euler-Lagrange systems in the constrained formation control for y-axis
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Figure (5): The output tracking errors for Euler-Lagrange systems in the constrained formation control for y-axis
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Figure (6): The second norm of output tracking errors for Euler-Lagrange systems in the constrained formation control
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Figure (7): The designed control signals for Euler-Lagrange systems in the formation control problem (tu)

20k 1
200 . 7
! N
0 = o o~ e —— ——
] T
/Z\ z ! = =7y1(N)
= 20 E2000 Ty2(N)
= -40 i —T3(N)
i = Ty4(N)
40} oL ] ]
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
Time(sec)
-60 | | | | | | |
0 10 20 30 40 50 60 70 80
Time(sec)

dudo u‘bﬁlﬂ J S alicuc 50 F1,SY- gl (g psmaw (510 00l 21hb I oS by JUSKaw :(A) JSCi
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Figure (9): The designed control signals for Euler-Lagrange systems in the formation control problem (t)
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Figure (10): The relative distances of Euler-Lagrange systems in the formation control problem (p;)
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Figure (12): The approximation of weights of multilayer neural network matrices for Euler-Lagrange systems
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Figure (13): The approximation of weights of multilayer neural network matrices for Euler-Lagrange systems
Table (6): Comparison of the constrained formation control with conventional backstepping control with considering performance indicators
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